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PROBLEM TO BE SOLVED: To correct or sufficiently 
reduce the change of the optical characteristics of a 
projecting optical system having plural dioptric 
elements using two or more kinds of crystal materials 
due to the change of an atmospheric pressure. 

SOLUTION: Each space of an air interval 121, air 
interval 122, and air interval 124 of a projecting 
optical system 105 is filled with helium gas, and opened 
to atmosphere, and the space of an air interval 123 is 
filled with gaseous nitrogen, and opened to atmosphere. 
The wavelength of an ArF exyma laser beam with which a 
mask 101 is illuminated is changed based on the output 
of a barometer for detecting the change of an 
atmospheric pressure so that the spherical aberration or 
comatic aberration or field curvature or the like of the 
projecting optical system due to the change of an 
atmospheric pressure can be corrected. 
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Brief description of the drawings 

[FIG. 1] 

Fig. 1 is a schematic view showing a projection type exposure apparatus 
according to the present invention. 
[FIG. 2] 

Fig. 2 is a cross sectional view showing the lens of the projection optical 
system 1 05 of Fig. 1 . 
[FIG. 3] 

Fig. 3 shows a longitudinal aberration of the ns of the projection optical 
system of Fig. 2 and Table 1 . 
[FIG. 4] 

Fig. 4 a cross sectional view showing a comparative example of a 
projection optical system which is designed so as to explain effects 
achieved by the projection optical system of Fig. 2 and Table 1 , A is a 
cross sectional view showing a first comparative lens and B is a cross 
sectional view showing a second comparative lens. 
[FIG. 5] 

Fig. 5 shows a longitudinal aberration of the first and second comparative 
examples of Fig. 4, Fig. 5A shows a longitudinal aberration of the first 
comparative example and Fig. 5 shows a longitudinal aberration of the 
second comparative example. 
[FIG. 6] 

Fig. 6 is a flow chart for explaining a flow of a device manufacturing 
process. 



[FIG. 7] 

Fig. 7 is a flow chart for explaining a wafer process. 
Descriptions of the reference numerals 

101 : mask 
5 1 02 : mask stage 

1 03 : wafer 

104 : wafer stage 

1 05 : projection optical system 
111-115 : lens 

10 121-124 : airspace 

131 : gas cylinder of helium 

132, 134 : valve 

133 : gas cylinder of nitrogen 

141-146 : gas through pipe 
15 step 1 : circuit design 

step 2 : mask fabrication 

step 3 : wafer manufacture 

step 4 : wafer process (pre-process) 

step 5 : assembly (post-process) 
20 step 6 : inspection 

step 7 : shipping 

step 1 1 : oxidation 

step 1 2 : CVD 

step 1 3 : electrode formation 
25 step 14 : ion implantation 
step 1 5 : resist processing 
step 1 6 : X ray exposure 



step 1 7 : developing 

step 1 8 : etching 

step 1 9 : resist removal 
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27.045 


He 


39 


- 372.793 


25.000 


SiOa 


40 


- 596.730 


9.712 


He 


41 


93.679 


24.542 


CaFa 


42 


125.530 


44.577 


Air 


IMG 


0.000 


0.000 





I3B 



[0 0 4 4] 



[S4] 







®I5 (S) 


sue (m) 






assort: 


Ppm 


ix m 


U m 






pm 




original 


0.00 


- 0.387 


-0.465 


0.003 


-0.026 






7.38 


— 0.423 


— 0.423 


0.003 


- 0.290 


- 22.38 




7.37 


— 0.036 


0.042 


0.000 


— 0.264 






original 


0.00 


— 0.508 


— 0.572 


0.006 


-0.054 






— 3.91 


— 0.513 


— 0.576 


0.006 


— 0.120 


-3.54 




— 3.91 


— 0.005 


— 0.004 


0.000 


-0.066 






original 


u.uu 


— U.DUO 


_ n A £2Q 

— U.4otf 


U.UUo 


— 0.037 






-2.31 


-0.510 


-0.487 


0.003 


-0.069 


-2.16 




-2.31 


-0.004 


0.002 


0.000 


-0.022 





S 4 



[0045] *^ffi^«i»c*5i^-rtt, ^ffi^bdiaft 

^ffiflXHO^bSrif (if Df*< Tfcft^) ffiiF 

[0 0 4 6] iptb. -«)««*{k*tt» «PJE<0— OOT* 

[00 4 7] *%;N^flfitttt!g%£&R£) ifwffifclfflllw 

fl£#JKi|Xli<75*fiiF.g8£;fiS/h£ < & <5 «fc ? icfcibtzA^ m 

[00 4 8] 0Ux.Kf % #B82p7 - 9 2 4 2 4 fitirog 

jE***^***^^ «B?2-8 1 0 1 9*2*$R 
i«ffl¥3-fi83i 7 *^«w|8JB*3tJfeM«> J: 5 J- 

<Hrax.34§-& J S\ 4#BI¥l 0-2 7 74 3 -^fB^R! 
fl 0-2 4 2 O48 ^&«R«3&B$S%3£B<D J: 9 Cft 
gJft^S&Wtt h&l/*li^jftC«iaSr1tF.i-5*|iF.*#3R 
54§-£-^ 4$l!¥8 - 2 2 9 5 1 ^fiiWftfgg 

*««OTJ: ^«c = ^*ift«r*|lF.i-S*lF.*^3RSr#^-5 

*IrS-*?\ #ffi^P 10-242048 



[oo49] *mmxmx'te. &&K^<D&%.mm<n> 

ftm&£^RSHc^iKi-35a#:fi^.y 

[0050] -ttt-^ixw^raiBo^rae^-rs 
30 sum. -ssjj^fijcs tcoiciss^H-f, entity 

[0 0 5 1] *HJSJg«g<0ftJ^3t^fi --!r@f<*>2?3UH 

[oo5 2] *nmmm<r>m<-it^jkb Ltd, 
[oo53] \-.wtm Ltz&mmmi-i. %mt ltat 

rFi + ->vk-f (iSS*<)2 4 8 nin) WL 
[0 0 5 4] *^JS^<75ftg^S^aii^7 i .y^r>- 

Ky tr— hsw^fy^- xia^x-yT'rv k**-v^ 

50 [0 0 5 5] laett^flC^/W^WKjg^n— m 



-11 6?fU^U 



i/^r^iaot, *«uid«*{k;Lr fc^M^^^— 

[0 0 5 6] 

IH-C*. tSoT*«EE^^bbTtfl»J^«0.2|£m«T 

[mi ] *»h^«*«#k«*> ■nffi.MM&^-tmm 

[B2] B 1 <D«a&jfe*}fc* 1 0 5 0> -«?iJ^tl/yX»r 
[11 3 ] H 2 S 1 <t T?*-t«JIJ36**^«iR3B«r*-t' 



[13 5] @4f^ff 1, »2cojfc«fi»JcoWiR|gSr^i- 

[H6] *»#^<-<^<0«|JS7n-^-rH-C*)5o 

[«F*^RW] 

10 1 

10 102 -*?s#?s*r— 

10 3 >>x/n- 

10 4 C^'^— ^^r — v? 

1 0 5 »«5*^3R 

111, 112, 113, 114, 115 U>X 

121, 122, 12 3, 124 5S«IHPH 

131 — y ^ACD^XT^V^ 

1 3 2, 1 3 4 
1 3 3 

141, 142, 14 3, 144, 14 5, 146 ft 

20 ft*ii-*v<-f:/ 



[Hi] 



[B2] 



101 



in 



102 



HI 




103 



104 




[136] 



5^3 



«fc£ 



air 



193.00 lnm 
lO&OOOmn 



LONGITUDINAL 
SPHERICAL ABER 





I 1 * 00 : 














1 1— 1 — 


ois 

i 



I 1 1 1 1 

■LCE-3-&0B-4 0.0 6.01-4 l.CB-3 
FOCUS (MILLIMETERS) 



ASTIGMATIC 
FIELD CURVES 




-1.03-3 0.0 5.0E-4 1.0 

FOCUS (MILLIMETERS) 



DISTORTION 
OBJ HT 





i^- 30.00 






( 

1 ■ — 1 


1 



I 1 1 1 1 

■1.0B-4 -6.0E-6 0.0 6.9B-6 1.0E-4 
% DISTORTION 



[13 4] 





IB 7} 



CVD 



713) 
>fe>/3 



Mf>SL 



S ft 



CM; 



193.00 Inm 
192£99nm 



LONGITUDINAL 
SPHERICAL ABKR. 



1 


0 joo . 

/ 




CL7&' 


1 













ASTIGMATIC 
FIELD CURVES 
OBJ HT 



DISTORTION 



-LflE-3 -6.0E-4 0.0 6.0E^d l.CE-3 

FOCUS (MILLIMETERS) 




-l. CE-3 -6. OE-4 0. 0 &. flE~4 1. OE-3 

FOCUS (MILLIMETERS) 




-l.Qt-4 -6, OE-6 0. 0 B. 0B-& 1. DE-< 

% DISTORTION 



A 



193JDQlnm 

lQWWOnm 

19&999nm 
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